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Abstract 
In this paper knowledge-based model for standard housing renovation is proposed. The key idea of the model is to transfer the knowledge 
gathered from already implemented typical renovation projects to the forthcoming renovation projects by selecting best project 
alternatives. In order to solve this task MCDA (Multiple Criteria Decision Analysis) approach is used.  
The concept of knowledge transfer in renovation is discussed, the developed model is presented, main stages of its implementation 
described. Finally, the illustrative case study of knowledge transfer for five-story standard panel house renovation project presented. 
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Nomenclature 
aj j
th alternative 
ao optimal alternative 
ci i
th criterion 
m number of attributes 
n number of alternatives 
Nj
* utility degree (%) 
P initial decision-making matrix 
P  normalized decision-making matrix 
Pˆ normalized weighted decision-making matrix 
qi significance (weight) of the i
th criterion 
Rj effectiveness index 
xij attribute value of the j
th alternative 
*
ij
x  value of minimized attribute 
1. Introduction 
About 59% of apartments in Vilnius are located in large-panel buildings. In brick and cast-in-place buildings they take 
35% and 6% of all apartments in multifamily buildings, respectively [1]. The types of buildings are not numerous. They 
include about seven varieties of large-panel houses, six types of brick and four types of cast-in-place buildings. Major 
problems associated with maintenance as well as defects and drawbacks found in panel houses are common to all such 
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buildings constructed in the period from 1960 to 1996. Due to poor technical, energetic, esthetical and other characteristics 
these buildings need to be renovated. 
The problem of selection of efficient renovation measures and scenarios was discussed by many authors from different 
countries, i.e. Kragh and Rose [2] performed research on housing renovation in Denmark, Ouyang et al. [3] in China, 
Brown et al. [4] in Sweden, Baek and Park [5] in France, Germany, Denmark and Sweden, Mahapatra et al. [6], Mlecnik 
et al. [7] in Nordic countries, Galvin [8] in Germany, Ciulla et al. [9] and Cellura et al. [10] in Italy, Kanapeckienė et al. 
[11], Biekša et al. [12] in Lithuania, etc. This indicates that the knowledge in the field of housing renovation is growing, 
furthermore, efficient knowledge management requires more attention.   
Construction or civil engineering is a kind of basic necessary industry for each citizen’s livelihood. Due to its 
characteristic of participants and tasks variety, this industry becomes highly requirement for collaboration and professional 
knowledge. Applying knowledge management in construction industry can improve its’ operation with positive help [11], 
and renovation is not an exception in this case. 
The ability to manage knowledge is becoming increasingly more crucial in today’s knowledge economy. The creation 
and diffusion of knowledge have become ever more important factors in competitiveness. More and more, knowledge is 
being regarded as a valuable commodity [13]. However, it should be noted, that not so much of the proposed knowledge 
management or knowledge-based models are adapted to construction projects. Examples could be models proposed by 
Teerajetgul and Charoenngam [15], Lin et al. [13], Tserng et al. [16]. There is still a lack of knowledge-based decision-
making models in the field of renovation. As the number of completed renovation projects is growing, available data and 
knowledge could be shared in order to improve renovation processes in the future and to avoid repeating mistakes. 
In this paper authors propose knowledge-based model for standard housing renovation. Standard houses here understood 
as the same type buildings with similar depreciation level. This phenomena is particular to Lithuania and other post-soviet 
countries there mass construction of multi-story buildings in the past was very popular. The main idea of the model is to 
transfer the knowledge from already implemented standard buildings’ renovation projects to new renovation projects of the 
same type buildings by selecting the best project alternative. 
2. Description of the Knowledge-Based Model for Standard Housing Renovation 
The Knowledge-Based Model for Standard Housing Renovation developed by authors in presented in Fig. 1. 
The key element of the proposed model is knowledge base to be developed from the results of already completed 
standard buildings’ renovation projects. For wide application such kind of data bases should be established in country level. 
Principles of the knowledge base development are described in Fig. 2. They include information and knowledge gathering 
from already accomplished renovation projects, knowledge acquisition, and knowledge base design in order to transfer the 
knowledge and make knowledge-based decisions. 
Project information and knowledge gathering as well as knowledge acquisition stages are strongly connected with all 
renovation project life cycle activities, including: conceptual planning, design, procurement, renovation works, operation 
and maintenance. It should be noticed, that the information and knowledge must be gathered from the all different bodies 
and organizations participating in the project, e.g. inhabitants, designers, contractors, consultants, etc. 
In knowledge base both explicit and tacit knowledge is collected. Explicit knowledge is the type of knowledge that is 
already available in the form of books, procedures, reports, etc. and can be appropriately archived for use when required. 
Indeed, tacit knowledge is a very complex type of knowledge. The challenge of knowledge management is to make it 
explicit through the balanced use of technology, and soft human-related factors like leadership, vision, strategy, reward 
systems and culture.  
Since knowledge base of standard renovation projects is developed, it is possible to use it for new renovation projects’ 
development. The main steps are described below. 
Step 1. The analysis of particular building that will be renovated and its environment is made. In this step many 
indicators and circumstances must be evaluated. Type of building is detected and other important factors are considered, i.e. 
macro and micro environment indicators, depreciation level, expected energy saving effects, stakeholders’ needs and 
requirements, and other significant information. 
Step 2. Since the type of building is detected, knowledge base is used to gather information about similar the same type 
renovation projects. The most adequate projects are selected for further analysis. 
Steps 3 and 4. Since adequate renovation projects’ alternatives are distinguished, it is possible to perform analysis. 
Finding the optimum decision is usually an optimization procedure. Optimization is a technique of maximizing or 
minimizing specific objective functions under constraints. The objective functions are formulated to represent the decision 
criteria. Therefore, the selection of the optimization procedure depends on the problem’s particularities [17]. 
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Fig. 1. Knowledge-Based Model for Standard Housing Renovation 
Authors propose to choose Multi-criteria decision analysis (MCDA) approach for assessment of the selected renovation 
projects. Multi-criteria decision analysis (MCDA) is used by many researchers to support the synthesis of the potential 
actions. Moreover, MCDA supports the inclusion of subjective aspects through the decision makers’ preferences that 
influence the decision process. Multiple criteria analysis is proved to be an efficient tool for renovation decisions, used by 
many authors (see, for example study of Kolokotsa et al. [17]).  
Various MCDA methods can be used for renovation projects assessment, e.g. SAW, TOPSIS, ELECTRE, COPRAS, 
ARAS, etc.  
In initial step the system of projects’ assessment criteria is developed and weights of criteria calculated. It is 
recommended to use expert methods for this purpose. After initial decision-making matrix is developed and, according to 
selected method, multiple criteria analysis is performed and the best project alternative as a result is selected. For more 
accuracy, it is recommended to use more than one MCDA method (e.g. three methods) for calculations and then to 
summarize the results. 
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Fig. 2. Principles of knowledge base development 
3. Case study 
In 2010 there were 11 renovated multi-story dwellings in Vilnius. The data about renovation measures, works, 
expenditures and results is available. Most of the renovated houses are standard panel dwellings as well as houses that will 
be renovated in the nearest future. According to the previously proposed model, all the knowledge (explicit and tacit) could 
be stored in single knowledge base in order to use the experience and best practice examples in forthcoming renovation 
projects. 
In this case study the problem of best project selection for standard five-story panel house built in 1965 will be analyzed 
(Fig. 3).  
 
Fig. 3. Typical five-story panel house built in 1965  
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For further analysis data from three already implemented renovation projects in the same type standard five-story panel 
houses is used. In order to select the best project alternative by using MCDA approach, system of criteria should be 
developed. For analysis 7 the most commonly used criteria were chosen: 
c1 – Expenditures – total expenditures for renovation of the whole building (in Lt); 
c2 – Duration of renovation works (in months); 
c3 – Improvement of esthetical view after renovation (in points) – in order to estimate this criterion, the survey of 
inhabitants of the houses was performed; 
c4 – Quality of renovation works (in points) – in order to estimate this criterion, the survey of inhabitants of the houses 
was performed; 
c5 – Average indoor temperature after renovation – average indoor temperature for 4 months after renovation (in °C);  
c6 – Average energy savings after renovation (MWh per year for 1 m
2 of useful floor area); 
c7 – Average savings for heating after renovation (Lt per month for 1 m
2 of useful floor area) – data for 4 months of 
heating period is used. 
Next and very important step is estimation of weights of criteria. In this case the method of expert evaluation was chosen, 
8 experts surveyed, the consistency of their opinions was checked and average weights of criteria calculated. 
In the next step multiple criteria analysis of the standard renovation projects should be implemented. In this case study 
ARAS method [18, 19] was chosen as it was proved to be efficient for renovation solutions’ evaluation [20]. 
Additional Ratio Assessment (ARAS) method is based on ratio sums of alternatives. The best alternative is considered as 
the alternative which is closest to the optimal alternative. Application of this method is further described.  
Stage 1. Construction of initial decision-making matrix P: 
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(1) 
where: n – number of alternatives; m – number of attributes; xij – the attribute value of the j
th alternative; ao – optimal 
alternative. 
If values of attributes are minimized (the minimum value preferred), they should be converted into maximized values as 
follows:  
*
1
ij
ij
x
x =
; mi ,1= ; nj ,1= , 
                                                                 
(2) 
where  xij
*– values of the minimized attributes. 
In this stage the attributes of the optimal alternative Ao are also determined. The optimal alternative Ao has the best 
possible values of attributes (i.e., the minimal possible costs and the maximum possible benefits preferred by stakeholders). 
          
Stage 2. Normalization of the decision-making matrix. The values of normalized decision-making matrix   are calculated 
according to the formula: 
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(3) 
Stage 3. Defining weighted normalized matrix Pˆ . Values of the matrix are calculated by multiplying values of P matrix 
with corresponding weights of significances of each attribute qi:  
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Stage 4. Defining the effectiveness index Rj for each alternative as follows: 
∑
=
=
m
i
ijj
xR
1
ˆ ; mi ,1= ; nj ,1= .
                                                                 
(5) 
Stage 5. Calculating the utility degree for each alternative as follows: 
%100
*
⋅=
o
j
j
R
R
N , 
                                                                 
(6) 
where Ro – the effectiveness index of optimal alternative. Utility degree Nj
* of alternative aj indicates satisfaction degree of 
demands and goals pursued by the interested parties – the greater is the Nj
* the higher is the efficiency of the alternative. In 
this case, the utility degree No
* of the optimal alternative will always be the highest (equal to 100%). The utility degrees of 
all remaining alternatives are lower as compared with the optimal one. The best alternative will be the one closest to the 
optimal alternative. 
Stage 6. Ranking of the alternatives according to the utility degree Nj
* in descending order. 
Basing on the previously discussed data and methodology, the initial decision-making matrix can be developed (see 
Table 1). Results of calculations are presented in Table 2. 
Table 1. Initial decision-making matrix 
Criteria Weights (qi) Max/min Attributes of alternatives 
Project 1 Project 2 Project 3 Optimal project 
c1 0.2 min 279.89 285.45 393.46 250 
c2 0.1 min 7 8 12 4 
c3 0.11 max 9 8 6 10 
c4 0.16 max 7 8 7 10 
c5 0.13 max 20.93 19.7 20.8 22 
c6 0.15 max 88 223.8 154.24 250 
c7 0.15 max 0.33 0.58 0.54 1.5 
Table 2. Weighted decision-making matrix and final results 
Criteria Attributes of alternatives 
Project 1 Project 2 Project 3 Optimal 
project 
c1 0.052474 0.051452 0.037327 0.058747 
c2 0.023762 0.020792 0.013861 0.041584 
c3 0.030000 0.026667 0.020000 0.033333 
c4 0.035000 0.040000 0.035000 0.050000 
c5 0.032613 0.030696 0.03241 0.034280 
c6 0.018435 0.046883 0.032311 0.052371 
c7 0.01678 0.029492 0.027458 0.076271 
Ri 0.209063 0.245981 0.198368 0.346588 
Ni (%) 60.32049 70.97225 57.23455 100 
 
Calculations revealed that the best renovation project alternative, which is closest to the optimal one, is “Project 2”. 
Accordingly, it can be concluded that for future standard renovation works for the same type of buildings the experience and 
knowledge from Project 2 can be used in order to optimize renovation results. 
It can be summarized that this case study was presented as an example of the proposed model implementation. It has 
some limitations to be discussed. In order to achieve more accurate results, it is recommended to use more than one multiple 
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criteria assessment method. Also, more criteria should be included into system of criteria. These limitations will be solved 
in future research. 
4. Conclusions 
Knowledge-based Model for Standard Housing Renovation was proposed in this paper. The key idea of the model is to 
transfer the knowledge (both explicit and tacit) gathered from already implemented typical renovation projects to the 
forthcoming renovation projects. In order to solve this task MCDA methods are used to select the best projects’ alternatives 
as foundation for new projects’ development and implementation. 
In order to illustrate possible application of the proposed model, case study of standard five-story panel house renovation 
was presented, MCDA method ARAS was applied. Analysis revealed that alternative “Project 2” is the best project 
alternative that can be used as an example for new renovation projects’ development in the cases of the same type of 
buildings’ renovation. Its utility degree is almost 71%. 
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